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© to ™S?J? PreSem ^n^ 0 " reIatCS t0 ^ fiCld ° f ^ m ° leCUlar bi0l0gy ' In P" ticntar - h describes * e of a regu- 
S „ a 7" n ' f? S6qU T e ™ 861,6 °° S2 f ° r *" regUlati ° n ° f gene eX P ression in ^ ^ derived from plants otL 
£J than monocotyledonous plants. The use of the regulatory sequence of the present invention results in constitutive expression wE 
O ex P ression levels smular to that of CaMV 35S. The present invention also relates to vectors and host cells compnsinXse nucTe c 
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Regulatory sequence 

The present invention relates to the field of plant molecular biology. In particular, the present 
invention describes the use of a regulatory sequence of the rice GOS2 gene for the regulation 
5 of gene expression in plant cells of non-monocotyledonous plants. 

Plant genetic engineering has the potential to enable the production of plants having all 
manner of desirable traits, such as increased pathogen resistance, herbicide resistance, 
increased yield, increased stress tolerance etc. This is typically achieved by inserting suitable 
pieces of DNA from a heterologous source, or from the same source, into a plant. The 
expression of heterologous DNA sequences in a plant host is dependent upon the presence of 
an operably linked promoter that is functional within the plant host. 



Promoters are DNA elements that regulate transcription in prokaryotic and eukaryotic cells, 
and are located in the 5'-flanking or upstream region of a transcribed gene. The sequence of a 
promoter varies in length and base pair composition from gene to gene. Many regulatory 
sequence elements may be present within the sequence of a promoter. These regulatory 
sequence elements, which interact with DNA binding proteins (that are part of the transcription 
initiation complex) are generally embedded in a promoter sequence. Specific elements, called 
20 DNA-boxes, contribute defined features or a defined activation pattern to a promoter. Many of 
these boxes are recognition sites to which regulatory transcription factors can bind and are 
part of a tight control mechanism of the promoter. Numerous plant promoter DNA boxes have 
been described, such as tissue-specific boxes (Chaubet etal., Plant J. 10 (3) 425-435, 1996), 
pyrimidin boxes (Gubler & Jacobsen, Plant Cell 4 (11) 1435-1441, 1992) which influence the 
level of expression, or G-boxes (Dolferus etal., Plant Physiol. 105 (4) 1075-1087, 1994), which 
reduce promoter activity upon exposure to cold or dehydration. 

Recombinant DNA technology has now found a wide application in research and in product 
development. In molecular biology, specific types of promoters are frequently used for the 
expression of heterologous nucleic acids or proteins in organisms, in which the expression 
may be constitutive (i.e. continuous expression throughout the cells of an organism), or limited 
to defined parts of an organism (i.e. tissue or cell preferred expression), or limited' to certain 
developmental stages or to certain environmental or physiological conditions (i.e. inducible 
expression). 



A need exists in various industrial applications for transcriptional control elements capable of 
driving gene-expression in plants. Therefore, in order to obtain desired gene expression, which 
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ing on specific needs, it is desirables? c 



can be fine tuned depending on specific needs, it is desirable™provide a wide array of 
promoters from which one can be chosen. Persons skilled in the art need to have at their 
disposal a variety of promoters with different expression patterns or with different time-control 
features from which to choose. For many industrial and agronomic applications, where the aim 
.s to confer a given characteristic throughout plant development and during any environmental 
or physical state of the plant, a constitutive promoter would be needed. A constitutive promoter 
may be suitable for driving expression of selectable marker genes or may be used when the 
gene product of a particular gene is to be isolated and purified from the plant for commercial 
purposes. 



It is also frequently desirable to use promoters that are regulated in a comparable wav to each 
other and result in a similar expression pattern over a wide range of host species. Very few 
constitutive plant promoters that are active in a wide range of species have been isolated to 
date (Callis era/., J. Biol. Chem. 265 12486-12493, 1990; Zhang etal., Plant Cell 3 1155-1165 
1991; de Pater et al., Plant J. 2 837-844, 1992; Mandel et al. Plant Mol. Biol. 29 995-1 00 4 ' 
1995; Baszczynski etal., Maydica 42 189-201, 1997). As a result, the cauliflower mosaic virus 
35S (CaMV 35S; Odell et al., Nature 313 653-660, 1985) is currently the most widely used 
constitutive promoter in plant science. Its regulation is well known and it has been shown to 
work in many monocotyledonous and dicotyledonous plant species, and even in some fungal 
species. The main drawback of such a promoter however is its viral origin. Plants transformed 
with the CaMV35S promoter frequently show several undesirable characteristics, such as 
efficient silencing of the transgenes or increased recombination, leading to instability over time 
and over subsequent generations (Kohli et al., Plant J. 1 7 591 -601 , 1 999; Al-Kaff et al Nature 
Biotechnology 18 995-999, 2000). In addition, viral elements are often not desirable in 
transgenic products, both for regulatory reasons and for reasons of general public acceptance. 

Rice GOS2 cDNA was isolated and characterised in a screening program for genes that were 
expressed in many different rice tissues (de Pater et al., Plant J. 2, 837-844, 1 992). G0S2 is a 
single copy gene that encodes an isoform of the translation initiation factor elF1. Expression 
analysis revealed high mRNA levels in green shoots, etiolated shoots and in roots of 
seedlings. A similar expression pattern was detected in mature plants, though the expression 
was a bit lower in roots. High expression levels were also detected in plants or cell suspension 
cultures of another rice variety. An isolated promoter fragment was able to drive GUS 
expression in rice seedlings (leaf, root tissues and coleoptile), and in rice cell suspension 
cultures. The promoter was also active in maize, barley and ryegrass (de Pater et al., Plant J. 
2, 837-S44, 1992; Hensgens et al., Plant Mol. Biol. 22, 1101-1127, 1993). It has been shown 
to be active in other monocotyledonous plants, with expression levels similar to that of CaMV 
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35S. Barbour et al. (vWo020571) suggest, but did not show, Muse of a GOS2 promoter 
from maize in dicotyledonous plants. There is however little homology between the maize 
GOS2 promoter and the rice GOS2 promoter that is the subject of the present invention. 

It has now been found that a GOS2 regulatory sequence from rice is active in non- 
monocotyledonous plants, and has a similar expression pattern and strength to the CaMV 35S 
promoter. Consequently, the present invention concerns the use of a GOS2 regulatory 
sequence for driving constitutive expression of nucleic acids in non-monocoty.edonous plants 
The present invention therefore provides a good alternative for the CaMV 35S promoter The 
regulatory sequence of the present invention, when linked to a useful gene and transferred into 
a non-monocotyledonous plant or plant cell, enables expression of that useful aen e .n 
add,tion, since the regulatory sequence of the present invention enables constitutive 
expression, it is possible to use it as a regulatory sequence to drive expression of the 
transferred useful gene in all tissues at any developmental stage. Moreover, as this regulatory 
sequence originates from a monocotyledonous plant, it is less likely to be prone to silencing 
than d.cotyledonous regulatory sequence or the CaMV35S promoter, when used to express a 
transferred useful gene in dicotyledonous plants, such as Arabidopsis thaliana. 

Those skilled in the art will be aware that the invention described herein is subject to variations 
and modifications other than those specifically described. It is to be understood that the 
.nvention described herein includes all such variations and modifications. The invention also 
includes all such steps, features, compositions and compounds referred to or indicated in this 
speafcation, individually or collectively, and any and all combinations of any or more of these 
steps or features. 

Throughout this specification, unless the context requires otherwise, the word "comprise" and 
venations such as "comprises" and "comprising", will be understood to imply the inclusion of a 
stated .nteger or step or group of integers or steps but not to the exclusion of any other integer 
or step or group of integers or steps. 

As used herein, the term "derived from" shall be taken to indicate that a particular integer or 
group of integers has originated from the species specified, but has not necessarily been 
obtamed directly from the specified source. This integer may be substantially modified from its 
native form ,n composition and/or environment through deliberate human manipulation. 

In accordance with the present invention, there is provided the use of an isolated regulatory 
nucle.c acid sequence comprising a regulatory sequence as represented by SEQ ID NO 1 or 
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nuirT' " ' UnC " 0nal ' here °'' ' 0r drivl "SU"°n of an associated 

nucleic ao,d sequence in a non-monooolyledonous plant or plant cell. 

5 " re9U ' a,0,y SeqUen ° e " M ^ *° DNA «-** «• necessary 

1* expression o» sequences to whioh they ate Bgated. The ^ sequenoes J 

212 r r * e ,ntended host ° — and up ° n ,he n — - *• «° >» 

expressed. The term -regulatory sequenoe" Is intended to inolude, as a minimum all 
component neoessary tor expression and optionally addiUona, advantageous compTento 
^ordmg to a preferred feature, me isoiated regulatory nuoieio aoid sequenoe is a pron^ 
' sequenoe. As used herein, a .promote, means a region of DNA upstream L Z 
renscnp on s « and ^ „ inVQ|ved , R ^ RNA ^ -n he 

Wta. Referenoe herein to a -promoter- is to be token in its broadest oon.ex.td 
no^es ^transcriptional regulatory sequenoes derived from a olassioa, euxaryotic g" 

lo'u, a"r^ ATA Wh '° h 18 reqU ' rad *° r ~ o 

sle^s e2„T TT" ^ addNi ° nal re9U ' a,0ry 6 ~ (Le - U ~ ~g 
sequenoes. enhanoers and silenoers) whioh alter gene expression in response to 

"fT " 8,imU "' ° f 8 " SSUS « ™—- ConsZTy a 

^ressrbie promoted rats of transcrlption decreases ,„ repressing agent A 

inducible promoter's rato of ,ransorip«on inoreases in response to an inducing agem A 
= ve premoWe ra,e of transcription is no, speedy reguiated. though , Zl„ 
under the influence of genera, metabolic conditions. The term -promoter also Includes toe 

>zz to " a, b re9u,a,o ' y sequancas « a *— ' ~° -* * »** ;r: m 

-Imotor-f T "T" "** 3 ,ranSCriP,tona, ~* -<■"-— The term 

aZt or entnc ^ 3 ^ °' ^ ^ °' " a -** «** 

activates or enhances expression of a nucleic aoid molecule in a cell, tissue or organ. 

riT^ T n,i0n a ' S0 en °° mpaSSes 1116 - of fragments or variants o, SEQ ID NO 
nv* h may be 10 ,ned by any means Known in the ad, e.g., by ligation ,„ ^ ,„ create hybrid 
regulatory sequences comprising mixtores o, parte o, regulatory Cements from dWerem 
roes e her nature, or synthetic. Therefore, the Invention a,so proves a hybrid re" 
nucleic acd sequenoe comprising the regulatory sequenoe represented by SEQ ID NO 1 or a 
fragment or variant thereof, .uncrionally combined w«h one or more other regulator! 
sequences or fragments thereof. regulatory 

Regulatory sequences or promoters may contain additional copies of one or more specific 
rectory elements, to further enhance expression and/or to a»er the spa*,, e^Zon 
and/or tempore, expression o, a nucleic acid molecule to which « is operabiy connected. Such 
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regulatory events nWbe placed adJaoent t0 . heterologous W mo(er 
epress,on o, a nuCeic acid mo , e cu,e in response ,o e.g. copper, glucocortic £ 
dexamethasone. tetracycline, gibbereiiin, CAMP, abscisio acid, auxin, wounding 
,asmona,e or salicylic acid, or ,o con,er expression of a nuoieic aoid moiecule to specie ' 

zz °; :r s such as mer,s,ems ' ,eavss ' ^ en *^ *- * — « < * t 

context or the present invention, are reguiatory sequence is active in non-monocotyiedonous 
21 The't ^ ' D N ° 1 ' 3 ' UnC,l ° nal ^ or * variant 

understood as ha«ng an essentially similar biological activity compared to the neutrally 
» ocournng nucleic acid and being capabie of driving expression in non-monoco,y,edt2 

•Expression" means me production of a protein or nucleotide sequence in a cel, itself or in a 
ce^ee system. I. inciudes transcription info an RNA product, posf-transcripfiona, Z^Z 
and/or fransiabon fo a profein product or polypeptide from a DNA encoding ma, product as 
we,, as possibie post-bansiabona, modificabons. A coding sequence can be Z 
sense or antieense direction. uanscnoea in 

The term -nucleic acid sequence(s)", -nucleic acid molecule(s)-, "polynucleotidefe!" 
nucleobde eequence<s>", "DNA ee q uence(s,- or -genets,-, when used belt Co 

Z 1 T' I T^'^ <RNA) " (DNA, or a combin Z 

both ,n a potymenc form of any lengfh. These terms furthermore ,nc,ude double-stranded and 
»ng .stmnded DNA and RNA. These terms also include nucieobde ^JLl" 
•he art, such as methyiation, cyCisaUon, ■caps^. subsbtution of one or more of the natl, y 
oooumng nuclides w„h an analogue such as ,nos,ne, and polynucleoHde ba^t 
mod,,,cabon, The term ,eo,a.ed- in the present appiication meane removed from ,,s ortgZ 

ZZTT 3 nU0 ' ei0 a0 ' d ' ,hS — * a " onanism a 9 ™ 

,soia*d, whereas the same nucleic acid separated from the adjacent nuc,e,o ac ds in whL 

"""rally Present, is regarded as being "isolated". 

An .associated nucleic acid sequence may compnse coding sequences or „ may contain non- 
cod ng sequences. A -coding sequence- or "open reading frame" or "ORP is denned as a 
nucleobde sequence tha, can be transcribed into mRNA and/or translated into a P 2epL 

stir r er *• oon,ro ' - appropria,e ~* — - -» *X 

a 5 Z , , , ' S Pr6Sent a " 8 ~ te ^ JhB °° din9 « «* * "°«nd b 

inside T °° d0n ^ 8 3 ' ,ranSla,ton ~* "*"" A «»— - °<* may 

include, bu, ,s no, limited ,o RNA, mRNA, cDNA, reoombinan, nucleotide sequences 
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nUC ' e0Me SSt ~ ° r ~ "The coding sequence cr 
can be interrupted by intervening nucleic acid sequences. 

Ceding sequences, or genes essentially encoding the same protein but Isolated from different 
sources can consist of substantially divergent nucleic acid sequences. Reciprocally 
— » uivergen, nucleic acid sequences can be designed ,o effac, express on of 

r d « 2 irr: proteln - nese nuo,eic aad are - — - •» - — — 

1„ alleles o, a g,ven gene, or o, the degeneracy o, the geneUc code or of differences in 
codon usage. Thus, amino adds such as methionine and tryptophan are encoded by a slngie 
I codon whereas Cher amino acids such as arginine, leucine and serine can each be trans Jed 
torn .up to dffferen, codon, Preferred codon usage of various organisms can be £Z 

2^7 T'T '^" "- A " e "° Varian,S ,Urthe ' de " ned " comprising sing,e 
nuclecde polymorphisms (SNPs) as we,, as sma„ Insertlon/deletlon polymorphisms ONDeL- 
me s,ze of INDELs is usually lese men ,00 bp). SNPs and INDELs form the largest se.rf 
sequence vanants In naturally occurring polymorphic strains of most organism, 

The term "associated" as used herein, or "openly linked" refers to a luxtaposNion between a 

oTT„T T, 9 SeqUen ° e ' Wherein °° nVOnen,S S ° h a relationship 

perming thenl to functlon ,„ me|r ^ a P 

to a codrng sequence is ligated in such a way that expression o, the coding sequence ,e 
achieved under condHions compare wito the control sequence, In case me regufcto^ 
sequence . a promoter, , would be known to a skilled person that a doubia-stranded nude* 

Hefel ; aSS0Cia,6d ™ deto aCM """"«'— hSte ^oue "ucleic ^ 

Heterologous nuclerc acids refer to nucleic acide derived from a separate genetic source for 

example nucleic adds tha, originate „om within the cel, bu, that are no, naturally iocated in the 

cell, o ma, are located in a different chromosomal site o, ,he o* Heterologous nucleic acids 

may aieo be derived trom omer epecies and may be introduced as a .ransgene, tor 

by ,rans,orma,,on. This .ransgene may be substantia,* modmed trom „s na,,ve form Mn 

xTres! ,r° r 9en0ml ° enV " 0nm6m de " bara,e human "-*—». A,eo 

27 , na " Ve nUC ' e '° aC ' d SeqUen0SS ^ bS m ° di,ied b * In tha plan, o, 

regulatory sequences according to me invenUon in such a way ma, me regulatory sequences 
are operably linked to me native nudeic acid. Nativo nudeic acid refer to nucleic acid n Z 
natural location in the genome of an organism. 

The term ■fragment o, a sequence" or "par. of a sequence" means a truncated sequence o, toe 
ong.na, sequence ,n quesffon. The truncated nudeio add sequence can vary wldeiy in iengttv 
too m,n,mum s,ze being a sequence of suffiden, size to provide a eequanca with a, laa« a 
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comparable function aWor activity of the original sequence In qWstion, while the maximum 
srze . , not critical. In some applications, me maximum size usually is no. substantially greater 
tan that required to provide .he desired acttvity and/or func«on(s) of me original sequence 
These em,s are no, res.rio.ive ,o me oonten. of the DMA fragmen. or segmen., which can be 
any DNA, wrth any funcflonalily. For example the DNA fragmen. or segments may consis. of a 
promoter but may afso comprise many genes, wilh or without additional control elements i. 
may Jus, contain spacer sequences. A functional fragmen, o, a promoter may be constructed 
by deleting pads a, ,he 5' and/or 3' end, and/o, by deleting internal parte and tetaing «he 
rematntng fragmen, for Ite abiifty ,o drive expression o, a reporter gene. The expression level 
and pattern o, .his reporter gene consttuc, can ,hen be compared ,o ,ha, o, the same reporter 
gene under control of the original promoter from which the fragmen. was derived. 

Furthermore, a variant o, a DNA fragmen. encompasses a sequence showing homology to the 
sequence referred ,o and is capable of promoting expression of an associated DNA sequence 
when reintroduced info a plan, and hybridises ,o the sequence referred ,o or «o a portion 
.hereof under sWngent conditions. The person skilled in .he art will appreciate ma, in .his case 
reactions under stringen, condWons for hybridisation are typically carried ou, a, a temperas 
of between 60'C and 65=0 in 0.3 atrengm Crate buffer saline containing 0.1% SDS followed 
by n„s,ng a . .he same temperature wtth 0.3 sttengtt, citrate buffer saline containing 0. 1% 
SDS. For .he purposes of defining me level of stringency, reference can convenient be made 
te Sambrook e, al. (2001) Molecular Cloning: a laboratory manual, 3rd Edition Cold Spring 
Harbor Laboratory Press, CSH, New York or to Curren, Protocols in Secular Biology, John 
Wiley & Sons, N.Y. (1 989). 
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A non-monoco^ledonous planr comprises all plan, species which belong to ,he kingdom 
Plantee as dehned by ,T.S [me Integrated Texonomio Information System 
( ttp://www.ri,s, l ,srtannv.nrtnvh,m l) ], including me Cass of Magnoliopslda but without me 
class ol the Liliopsida (Lilialae, Monoco,yledonae), The classes Magnollopsida and Liliopsida 
are part of the division Magnollophyte, which in torn belongs to me subklngdom Tracheobionte 
The .solated nucleic acid according to the presen. invention can be used to drive oene 
expression in any non-monocotyledonous plan., in particular « is applicable to a 
dico^edonous plan, including a fodder or forage legume, ornamental p,an., food crop, tree or 
shrub. Pre erred plan, species include cotton, potato, tomato, cabbage, sugar bee, soybean 
bean, sunflower, peas. 

Advantageously, the regulatory sequence represented by SEQ ID NO 1 or a functional 
fragment or functional variant thereof is capable o, driving expression of an associated nucleic 
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acid sequence in a noWonocotyiedonous pian,. Such an asscjfd nucleic acid may be any 
heterologous DMA sequence derived from any organism which sequence is to be expressed in 
a non-monocotyledonous plant. The heterologous DNA sequence may be obtained from any 
organism, Including piams, which plant species may be the same plant epecies into which the 
sequence is to be introduced, or it may be different. Additionally or alternatively, the associated 
nuo!e,c acid sequence may be an endogenous nucleic acid opeiebly linked to the regulatory 
sequence according to the invention. 
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Therefore, the invention a.so provides use of an isolated reguiatory nucleic acid as defined 
above for driving expression of an associated nucleic acid in a non-monocoty.edonous plant or 
Plant cell, wherein said associated nucleic acid is an isolated nucleic acid or a nucleic anid 
endogenous to the host eel, in which said isolated regulatory nucleic acid sequence",-; 
introduced. M 

The recombinant nucleic acid encompasses any means for tha cloning of and/or transfer of a 
nucieic acid into a host oe„, including -vectors" or Vector sequenced, which may be 
introduced ,n an organism by transformation or transfeotion, and which may either be 
integrated into the genome of the host eel, or maintains in some form extrachromosomally 
Vector sequences generafly comprise a se, of unique sites reoognlsad by restrict enzymes' 
the mutopie oloning site (M0S)> where , n one Qr ^ m ^ ^ ^ 

nrr; sequenoe " or " inserr is acoordinfliy meam ,h ° **« °»* -*<«* ^ 

one wshes to clone ,n one or more of the sites of the MCS, comprised within a vector. The 
insert can have one or more genes. 

"Expression vectors" form a subset of vectors, which, by virtue of comprising me appropriate 
regulatory sequences enabling the creation of an expressible forma, for the inserted non- 
vecto, sequence^,, thus aiiowing transcription and/or translation of a nucleic acid inserted 

^Tno TT'° n T" kn0W " * e ^ enab ' 9 Pr0,ein expressl °" 

inckidrng bacteria (e.g. EscHe**,, cCO. fungi (e.g. Ssccteromyces cere^ae, 

™ 77 ~ Plchia pas "" fe) ' in89c * 061,8 <•* 

vectors), animai ceils (e.g. COS or CHO cells, and plan, cells (e.g. potato virus X-based 
express™ vectors, see e.g. Vance e, a,. 1 998 - WO9844097). Expression vecore can for 
instance be cloning vectors, binary vectors or integrating vectors. 

finery sequences ensuring expression in prokaryotic and/or eukaryotic cells, particularly 
,n norwnonocotyledonous plants, are well known to those skilled in the art. A prefeired 
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regulatory sequence (sTRe regulatory sequence listed in SEQ ,M 1, a functional fragment 
or a functional variant thereof. When used in eukaryotio cells vectors may also comprise 
terminators which contain polyadenylatlon signals ensuring 3' processing and polyadenylation 
of a primary transcript and termination of transcription. In plant cells the termination signals 
. usually employed are from the nopallne synthase gene or the CaMV 35S terminator. Additional 
regulatory elements may include transcriptional as well as translations! enhancers. A plant 
transanal enhancer often used is the CaMV omega sequence. The inclusion of an imron 
has been shown to Increase expression levels by up to 100-fold in certain plants (Mafti « a, 
Transgenic Research 0 143-156, 1997; Ni, Plant Journal 7 (1995). 661-676). 

Advantegeously vectors used In the invention comprise a selectable and/or Arabia marker. 
MM* e marker genes usefu, for me selection of transformed plan, cells, callus, plan, flssue 
and plants are well known to those skilled In the art. Antimetabolite resistance is very usefu! as 
a basis or seleoHon: tor example, the dnfrgene confers resistance to methotrexate (Reiss « 
at. Plan, Phyaloi. (Ufa SC. Adv., ,3 143-149, ,994); the npfgene confers resistance to ,he 
aminoglycosides neomycin, kanamycin and paromomycin (Herrera-Eefrella et al., EMBO J 2 

!™ ° r ^ 9Sne ' WWOh ^ reSiStan ° e '° h ^ ro ^ oin < M ^". Gene 32 
481-485 1984). Addiflonal selectable markers ganea have been described, such aa UpB 

wh,ch allows oa»e to uUlize indoie in place o, .ryptophan; h,sD, allowing cells to uulize histinol 
m Place o, hisridine (Hartman, Proc. Nail. Acad. Scl. USA 85 8047, 1988); manned- 
Phosphate harass enabling cells to u,i,ize mannose (WO 94/20627) and ornHntne 
mT 1", which confers resistance to ,he ornithine decarboxylase inhibitor, 2- 
(d, luorome,hy -DL-orn«h,ne or DFMO (McConlogue. 1987, in: Currem Communicariona In 
Molecular B,o,ogy, Cold Spring Harbor Laboratory ed.) or ,he daamfnaae gene from 
Aspe^us terreus which confers reaistence to Blasticidin S (Tamura, Blosoi. Biotechno, 
Bioohem. 59 2336-2338, 1995). Useful soo ra ble markers are aiso known to ,hose skilled In ,he 
art and are commercially available. Advantegeously, ,he marker is a gene encoding lucifenase 
(Qiacomin, Pi. Sol. 1,6 59-72, 1996; Srikanlha, J. BaC. 178 121, 1996), green fluorescen, 
protein (Gardes, FEBS Lett. 389 44-47, 1996; Haseloff ef a/., Proc. Nail. Acad. So, U S A 94 
2122-2127, 1997) or 13-glucuronidase (Jefferson. EMBO J. 6 3901-3907, 1987). Vectors may 
lurther provide primer sites, e.g., for PCR, transcriptional and/or IranslaUonal initiation and/or 
regulation sites, reoombinalional sites, replioons, ate. 

The outran, invention olearty includes any recombinan, nucleic acid, vector or expression 
vector comprising the regulator sequence according to the presen, invention and/or a non- 
vector sequence as defined supra. 
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According ,o another eWodimen,, the invention rotates to a nonHnocotyiedonous plan, cell 
composing a recombinant nuctelo acid as described above. The recombinant nucleic acid may 
be stably integrated into me genome of the non-monocotyledonous plan, cell. The invention 
also proves a plan, cel, cutture. oallus. a plan, or a plan, par, derived from these plan, cells 
Also wrthtn me scope o, me present invent is a harvest par,, organ, .issue or 
propagaaon material o, a plan, according to ,he invention, comprising a nucleic acid sequence 
compnsins a regulatory sequence represented by SEQ .D NO: 1 or a .ragmen, or varian. 



10 Furthermore, mare is provided a method tor expression o, a nucleic acid sequence in a non- 
monocotyledonous plan, cell, which melhod comprises introducing into mis plan. ^ = 

zrr tt repres8n,ed by seq ,d n ° 1 ° r a ,unc,i ° nai ***** * <~ 

vanan, thereo,. wherein me regulatory sequence is capable o, driving expression o, me nucleic 
acd sequence which is enher an isolated or endogenous nucleic acid sequence. 

1 5 

Means for i ntroduc|ng DNA . nto ^ ^ ^ ^ ^ ^ ^ 

Wnsformahon using CaCfe and varialions .hereof (Hanahan, J. Mot Biol. 166 (4) 557-580 
1983)), direct DNA uptaka into protoplasts (Krens et a,., Nature 296 72-74, 1 982- Paszkowskl 

o t:\ c7 R ° J - 3 2717 - 2722, 1984) ' PEG -~ d uptete *° ™* 

TprTu TT^ 339 ' 1 " 0) mi0raPart, ° 19 (Fromm a 

a/ Proc. Natl. Acad. So,. U.S.A. 82 5824-5826, 1985) microinjection o, DNA (Croasway eta, 

MOL Gen. Gen. 202 179-185, ,986; Fromm a, af. Proc. Nat.. Acad. Sci. U.S.A. 82 5824-5826' 

^svTZT'* b ° mbardmert °' ,,SSUe - •* (Chrlstou et a/., Plan. Phyaiol. 87' 

671-674, 1988), vacuum-inflltration o, tissue with nucleic acid, or in the case o, plants T-DNA- 

' F,T B T TT ,r ° m to •» ■*•« «asue aa described essemially (An a, af. 

ITn , 0 ' 1986; DOddS ' P ' am 8 "" fc enBln8e *3. 1«* Herrers-Esml at a, 

EMBO J. 2 987-995, 1983; Herrera-Estrella eta,., Nature 303 209-213, 1983). 

For micropsia bombardmen, o, cells, a mlcropariicle is propped into a cell ,0 produce a 
transtomred ce„. Any suiteble balMc cell .mnsformation memodology and apparatus can be 
used ,n performing .he prasen, Invemfon. Exemplary apparatus and procedures are disclosed 
by Stomp e, al. (U.S. Paten, No. 5122466) and Sanford and Wol, (U.S. Paten, No. 4945050, 
When us,ng bailisric transformed proceduras. me gene cons,ruc may incorporate a plasmid 
capabte of rephcaflng in me eel, to be .ransfomted. Examples o, micropenis suiteble tor use 

TTT ,ncluds 1 '° 5 " m 90ld spheres - The DNA c ~ ™* be °n »• 

micropamcle by any suitable technique, such as by precipitetion. 
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The nucleic acid as dK above in ,ne present invention, or acetic oonsttoct comprising 
*. may be introduced into a cell using any known method for the transection or transformation. 

The invention further relates ,o a method for the production of non-monocotyledonous 
5 transgenic plants, plant cells or plan, tissues comprising the introduction in a non- 
monceotyledonous plan,, plan, eel, or plan, .issue o, a firs, nucleic acid molecule according to 
the tnvenfion operably ,,nked ,o an associated nucleic acid sequence, wherein .he associated 
nucleic acid sequence is heterologous ,o ,he firs, nucleic acid. According ,o anchor preferred 

th r°!T ** imenVOn rela,eS '° 3 "°"- mo "o«>^oue .ransgenio plan, cell or plan, as 
desenbed here above wherein me nucleic acid o, ,he Invention is etebly Integrated into me 
genome of the non-monocotyledonous plan, cell or plant 

Upon transformation of a cell with the generic construct o, the Invention, a whole plan, may be 
regenerated .herefrom. Plan, .issue capable o, subsequent clonal propagarion, whemer by 

15 organogenesis or oncogenesis, may be transformed with a gene consriuc, o, rite present 
invention and a whole plan, regenerated therefrom. The particular tleeue chosen will vary 
depending on the clonal propagation systems available for, and beat suited ,o, me particular 
species being transformed. Exemplary rissue tergete include lea, disks, pollen, embryos 
cotyledons, hypocotyls, megagametophy.es, callus rissue, exisring meristemaric rissue (e g 

0 apKtal menetem, axillaty buds, and roo, meristems), and Induced merlstem rissue e g" 
cotyledon meHstem end hypocotyl meristem). The term "ovogenesis", as used herein" 

ZZ'-TT ^ "•** Sh0 ° tS rO0,S ^ deVe ' 0Ped SeqUen,ia "* ,rom m—n«I 
centres. The term oncogenesis", as used herein, means a process by which shoots end 

rocs develop together in a concerted fashion (no, sequentially), whemer from somario cells or 



The generated transformed non-monocotyledonoua plants may be propagated by a variety o, 
means such as by clonal propagarion or classical breeding techniques. For example a firs, 
generafion (or T1) transformed plan, may be selfed to give homozygous second general™ (or 
T2) transfomnants, and the T2 plants further propagated through classical breeding techniques 
The generated transformed plants contemplated herein may take a variety of forms For 
example, they may be chimeras o, transformed cells end non-transformed cells; clonal 
franstormams (e.g., al, cells transformed to contain me expresston casserie); grafts of 
transformed and untrensformed tissues (e.g., in plants, a transformed rootstock grafted to en 
untransformed scion). 
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The invention no. onPllates to a transgenic non-ntonooo^eWous ptant or plan, tissue 
oompnstng plant cells as herein described but extends also to the harvestoble parts of the 
transgenic plant, preferably selected from the group consisting of seeds, leaves, flowers, frute 
stent cultures, roots, tubers, rhizomes and bulbs. The invention also relates to the progeny 
denved from any of these transgenic plants or plant parts. 

The present invention also encompasses use of an isolated nucleic acid sequence comprising 
aregulatory sequence as represented by SEQ ID NO 1 or a funcHona, fragment or funciona, 
vanant .hereof, characterised as above for driving cons«,u.ive expression of an associated 
sequence in a non-monocotyledonous plan, cell or plant. Also Included is the use of a hybrid 
regulatory nucleic acid as defined above for driving expression of an associated nucleic „,*. 
sequence in a non-monocotyledonous plant cell or plant. 

Description of figures 

"il 1 GUS eXPr6SSi ° n ln a " "****»• **~ Plan, transformed wito a 

P2203 construe, and a control plan,. The GOS2 regulatory sequence shows a strong 
cons«ubve expression in shoo, .issues, including me petioles, the vascular system, trichomas 
and ,n too, tops. Expression in other roo, tissues is lower, bu, still easily noticeable. 

eXPreSS ' 0n ° 0mTOl " ** Q0S2 re8Ula,0,y ^ US " 0S AT0476O9 and 

r^fefr 7 • 5 rep,ioas were ,es,ed - The p,ams shown >— 2 °°* |a *- - 

2 true leaves and were stained for 1 hour (panel a, or were stained overnight (panel b). 
IrZ* Z eXPreSS '° n 00n "' 01 " ** G0S2 raflU,atory SM " usn ° 9 ™476-09 and 

ws^l7 Pa t,. to GUS eXPreSS '° n oomro1 of ,he 353 ~' <*- 

WS35S.GUS). For each l,ne, 5 replicas were tested. The plants shown are in me 10 lea, stage 
and were stained for , hour (panel a) or were stained overnigh, (panel b). 

Ito!; 0 !?, eXPreSS ' 0n UndW °° n,rC " * *" Q ° S2 re ° Ulato,y Se " uenoa <«"<* AT0476-09 and 

w^zus r par ^, to Gus express,on undar °° n,ro1 « ,he 35s ~ r >" ■» 

WS35S.GUS. For each „ne. 5 replicas were tested. The plante shown are in toe adul, stege 
w„h an rnflorescence and were stelned for 1 hour (panel a) or were stained overnight (panel 

D). 
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Examples 

The present invention will now be illustrated with the following examples. 
DNA manipulation 

All DNA procedures were performed according to standard protocols (Maniatis T etal (2001) 
Molecular Cloning: a laboratory manual, Cold Spring Harbor Laboratory Press. CSH, New 
York). 

Example 1: Cloning of GUS with intron coding sequence 

The E. coli 3-glucuronidase gene, interrupted by the second intron of the Potato light-inducib.e 
tissue-specific ST-LS1 gene, was amplified from vector P THW136 (with a cassette identical to 
the one of pMOG553, MOGEN international n.v, LEIDEN, NETHERLANDS). The cDNA was 
amplified by PCR with Platinum Pfx DNA polymerase (Invitrogen) and using a sense primer 
including attB1 (SEQ ID N02) and an antisense primer including attB2 (SEQ ID NOS). 

Conditions for PCR were: 2 minutes of denaturation at 94°C (1 cycle); 35 cycles of 1 minute 
denaturation at 94°C, 1 minute annealing at 58°C and 2 minutes amplification at 68'C and 
finally 1 cycle of 5 minutes elongation at 68°C. A prominent fragment with the expected size of 
2 Kb was isolated from gel and purified using the Zymoclean Gel DNA Recovery Kit (Zymo 
20 Research, Orange, California). 

The purified PCR fragment was used in a standard Gateway™ BP reaction (Invitrogen) with 
PDONR201 as a recipient vector. The identity and base pair composition of the insert was 
confirmed by sequencing. The integrity of the resulting plasmid was verified using restriction 
25 d.gests and was given the designation P 0604 (entry clone). pDONR201 was obtained from 
Invitrogen. 

P0604 is a Gateway™ "entry clone", and was used as such in a standard Gateway™ LR 
reaction, with P 0640 as "destination vector". The resulting vector was P 02203, its integrity was 
30 also checked by restriction digest analysis. The vector, containing as functional elements 
w,th,n the T-DNA region a selectable marker gene and a "Gateway cassette" intended for LR 
clon,ng of sequences of interest, was used for the transformation of Arabidopsis thaliana 
Express.on of these sequences of interest, upon being recombined into P 0640, was driven by 
the regulatory sequence as listed in SEQ ID N01 . 

35 
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Example 2: Transforation of plants 

Cultivation of the parental plants 

For the parental plants, approximately 12mg of wild-type Arabidopsis thaliana (ecotype 
Columb.a) seeds were suspended in 27.5 ml of 0.2 % agar solution. The seeds were 

5 mcubated for 2 to 3 days at a temperature of 4°C and then sown. The plants were germinated 
under standardised conditions: 22«C during the day, 18°C at night, with a relative humidity of 
65-70%, 12 hours of photoperiod and sub-irrigation with water for 15 min every 2 or 3 days 
The seedlings were then transplanted into pots with a diameter of 5.5cm, containing a mixture 
of sand and peat in a ratio of 1 to 3. The plants were then further grown under the same 

D standard conditions as mentioned above. 

Agrobacterium growth conditions and preparation 

Agrobacterium strain C58C1RIF with helper plasmid pMP90 and vector P 2203 was inoculated 
-n a 50 ml plastic tube containing 1 ml LB (Luria-Bertani Broth) without antibiotic. The culture 
> was shaken for 8-9h at 28°C. Next, 10 ml of LB without antibiotic was added to the plastic 
tube and shaken overnight at 28°C. Following this, the OD at 600 nm was measured At an 
optical density of approximately 2.0, 40 ml of 10% sucrose and 0.05% Silwet L-77 (a mixture of 
84 % polyalkyleneoxide modified heptamethyltrisiloxane and 16% allyloxypolyethyleneglycol 
methyl ether, OSI Specialties Inc) was added to the culture. The Agrobacterium culture thus 
obtained was used to transform the grown plants. 

Flower dip 

When each parental flower had one inflorescence of 7-10 cm in height, the inflorescences 
were submerged in the Agrobacterium culture and swirled gently for 2-3 seconds. For each 
transformation, 2 plants were used. Hereafter, the p.ants were returned to the growing 
conditions as described above. 

Seed collection 

5 weeks after the flowers were dipped in the Agrobacterium culture, watering of the plants was 
stopped. The plants were further incubated at 25°C with a photoperiod of 20 hours. One week 
later, the seeds were harvested and placed in a seed drier during one week. The seeds were 
then cleaned, collected in 15 ml plastic tubes and stored at 4°C until further processing. 

T1 seeds generation 

Transgenic TO seeds were selected for their marker expression, and germinated. Plants were 
gn*n as described above, until T1 seeds were harvested. The different lines were given the 
name AT0476-xx, where xx is a number. 
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Example 3: Comparison of the GOS2 regulatory sequence and the 35S promoter 
in Arabidopsis: 

The expression pattern of the p-giucuronidase gene end strength of the GOS2 regulatory 
sequence were compared with those of the 35S promoter in Arabidopsis. 

Plant material used: 

AT0476-1 1 : cassette GOS2-GUS and screenable marker cassette (vector p2203) (T1 seeds) 

WS35^T SSe ^ GOS2 " GUS ^ SCreenab ' e ^ CaSS6tte (V6Ct0r " 2203 > < T1 -ds 
WS35S.GUS: cassette 35S-GUS, no marker selection, hcmozygous line from Versailles (T2 

homozygous seeds), Wassilewskija (WS) background. 
Procedure: 

Arounc I 100 seeds, after being kept e, a temperettrre of 4«C for e, leas. 2 days, were sown ,„ 
so,l and the plants were cultivated under standard conditions.- 22-C during the day ,8°C at 

:c f 0 ~ ,ive humm - 12 houra of pho,oper,od ' sub - irri9a,,on "* — * 
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When the plants had 2 cotyledons and 2 ttue (eavee, marker expression in AT0476 iines was 
monrtored and plants with a uniform marker expression pattern were retained 

,dell P ' a T,7 h G ° S2 ° f " neS WSre ° are,Ully iS0 ' a,ed «° m * e «■ — 'or 
denttotton. 5 of the plants were stained for GUS during 1 hour, me other 5 piants were 

stlrr ^ ^ **** ^ nS8ded *° — «•»— * S» reiZ 
strength o, the promoters. I, ,he staining reaction was saturated in less man 1 hour the 

Z be Z " T redUCed - 0389 ^ Ston9 *" - « £ 

• ™ y eaS&d ,0 2 " 3 HOUrS ' Rna " y ' "» »' ante — Photographed 

For each „ne, 20 other piants were cerefuHy isoiated „om me soi, and transferred in indllua, 
sma pots for further cuitivation. When the plan* had reached the ,0-iea. stage, ag^ 
plants o, each „ne were isoiated. iabeiied and stained as described above. The sled piants 
were photogrephed. At flowering «me, ,0 plants per line wffn siiiques in various matt^n 
stages were Isolated and processed esebove. maturation 

Plant GUS staining procedure 

The material was covered with 90 % ice-cold acetone and incubated for 30 min a. 4-C After 3 
washes of 5 minutes with Trie buffer [15,76 g Trizma HCI (Sigma T3253) + 2,922 g NaCI In 1 I 

Tns/ferncyanate/X-Gluc solution [9,8 ml Tris buffer ♦ 0,2 mt ferrlcyanate etock (0,33 g 
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Potassium ferricyanaiffgigma P3667) in 10 ml Tris buffer) + O.HTx-Gluc stock (26 1 mg X- 
Gluc (Europa Byproducts ML 113A) in 500^1 DMSO)]. Vacuum infiltration was applied for 15 
to 30 m.nutes. Next, the samples were incubated for an appropriate time (up to 1 6 hours) at 37 
°C for development of the blue colour. The samples were washed 3 times during 5 minutes 
w.th Tns buffer. Chlorophyll was extracted in a series of 50 %, 70 % and 90 % ethanol (each 
for 30 minutes) with refreshments of the 90 % solution if necessary. 

Results 

The GOS2 regulatory sequence shows a strong constitutive expression in shoot tissues 
mclud.ng the petioles, the vascular system and trichomes. Except for the root tips, the 
expression in root tissues is lower, but is still easily detectable (Fig 1 ). 

For all the plants with the same incubation time during staining (1hr or overnight), the pattern 
of GUS expression was similar. The staining of GOS2 plants was as strong as for 35S plants 
at ail stages that were sampled (2 leaves-, 2 cotyledons, 10 leaf stage and flowering stage)' 
GOS2 expression appears equally strong and equally constitutive as 35S expression in 
Arabidopsis (Figs 2, 3 and 4). 
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Claims 

1) Use of an isolated regulatory nucleic acid sequence comprising a regulatory sequence 
as represented in SEQ ID NO 1 or a functional fragment or a functional variant thereof, 
for driving expression of an associated nucleic acid sequence in a non- 
monocotyledonous plant or plant cell. 

2) Use of an isolated regulatory nucleic acid sequence according to claim 1, wherein said 
associated nucleic acid sequence is an isolated nucleic acid sequence or a nucleic acid 
sequence endogenous to the host cell in which said isolated regulatory nucleic acid 

sequence is introduced. 

3) A non-monocotyledonous plant cell comprising or having stably integrated into its 
genome a recombinant nucleic acid as represented in SEQ ID NO 1 or a functional 
fragment or a functional variant thereof. 

4) A non-monocotyledonous plant cell according to claim 3, wherein said non- 
monocotyledonous plant cell is derived from a fodder or forage legume, ornamental 
plant, food crop, tree or shrub, preferably from cotton, potato, tomato, cabbage, sugar 
beet, soybean, bean, sunflower or peas. 

5) A plant cell culture, callus or a plant consisting essentially or in part of plant cells 
according to claim 3 or 4. 

6) A harvestable part, organ, tissue or propagation material of a plant according to claim 
5. 

7) Method for expression of a nucleic acid sequence in a non-monocotyledonous plant or 
plant cell, said method comprising introducing into said plant or plant cell a regulatory 
sequence represented by SEQ ID NO 1 or a functional fragment or functional variant 
thereof, wherein said regulatory sequence is capable of driving expression of said 
nucleic acid sequence which is either an isolated or an endogenous nucleic acid 
sequence. 
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FIGURE 3 
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FIGURE 4 
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SEQUENCE LISTING 

<110> CropDesign N.V. 

<120> Regulatory sequence 

<130> CD-072-PCT 

<150> EP 03075207.5 
<151> 2003-01-21 



WO 2004/065596 




<160> 3 



<170> Patentln version 3.1 

<210> 1 

<211> 2195 

<212> DNA 

<213> Oryza sativa 



<400> 1 



aatccgaaaa gtttctgcac cgttttcacg tcctaactaa caatataggg aacgtqtact 60 

catccacc^ at??!*?** *ctgataact agaacta?g? aaglaaalS 120 

tSccSaa? ? 9C "tcgggcta aataaaaaag agtcgctaca ctagtttcgt 180 

tcS?ca?aa iSSlffff ?" aat »" a tcattattgc ttagaatata cgttcacatc 240 

aaauatett SKl ? ttcgaggtag ccataattgt catcaaactc ttcttgaata 300 

aaaaaatctt tctagctgaa ctcaatgggt aaagagagat attttttttt aaaaaLp? «n 

S S tl^t*£? «t»tcggoaa aga?t?a!ac atataat'ta^ XSSEJ 42 

SS 3S £*gg£ «° 

SIS £12 SSS S3 |? SSiSS i 

=™i SSI Si « p.£ 35= a 

aatccacLc gaacaaccca caaaaaacga tgatctaacg gaggacagca 900 

aaaSaagc a?cctc"S SSat aaa??cc?S '^SS" ^ 

lliisfEirSlillli I 

tSSSS SSSSffi SSSS3 SS5S3S SSS ££££ 1260 

atggttttca atcgtctgga gagctctatg gaaajgaaat gSttaJggt acaa«tcK 
9 9.gt.octtt tgtttgaggt laaatcagag Saccggt?£ t??gc"g« 
ag"a""? t«"at?=c t ? 9 *f cto ' a "ctggtag? gatg??tctc g,t?tgal?a 

£j.g°S SSJSS SSSSS 1620 

S 5 F F= "~ 9 S 

= =£2= is 

<ra»tt.t?M JifSiJ "ttatatga aatgaaotgt agcataagoa gtattcattt 1920 

altrtcSca a«««S? "tercet to.tt.ttct gagctgaaag Jctggcatga illh 

SSSUS SSS SSSSS 2™ 

as sss£ ssr* ?tc " tt! " 
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CD0723PCT.ST25.txt 



<210> 2 

<211> 61 

<212> DNA 

<213> Artificial sequence 
<220> 

<223> sense primer attBl 

<400> 2 

ggggacaagt ttgtacaaaa aagcaggctt cacaatgtta cgtcctgtag aaaccccaac 60 



<210> 3 

<211> 52 

<212> DNA 

<213> Artificial sequence 
<220> 

<223> antisense primer attB2 

<400> 3 

ggggaccact ttgtacaaga aagctgggtt tgttgattca ttgtttgcct cc 



c 
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